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(57) Abstract: The use of an activator-independent MurD enzyme in a screening assay to identify inhibitors of the enzyme, wtiich 
assay comprises contacting the enzyme with a test compound in the presence of enzyme substrates and appropriate buffers and 
detecting any modulation of ^izyme activity by the test compound. 
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SCREENING ASSAY TO IDENTIFY INHIBITORS OF THE MURD ENZYME USING AN ACTIVATOR- 
INDEPENDENT MURD ENZYME 

The present invention relates to improved screening assays and in particular to the use 
of activator-independent forms of the murein biosynthesis enzyme MurD, such as from 

5 Ehterococcus faecalis (E. faecalis). Such screening assays are used to identify and 
characterize modulators of the MurD enzyme. 

Interest has been shown in the murein (Mur) biosynthesis pathway in bacteria, this is a 
key component of bacterial cell wall synthesis. Enzymes in this pathway are potential targets 
for broad-spectrum and selective antibacterial agents. 

1 0 The bacterial enzyme MurD (UDP-N-acetylmuramyl-L-alanine:D-glutamate ligase 

catalyses the attachment of D-glutamate to a cytoplasmic peptidoglycan precursor, UDP-N- 
acetylmuramyl-Lralanine. This reaction results in the formation of a peptide linkage between 
the amino function of D-glutamate and the carboxyl terminus of UDP-N-acetylmuramyl-L- 
alanine. A stoichiometric comsumption of ATP supplies the energy needed for this peptide 

1 5 bond formation resulting in generation of ADP and orthophosphate. 

Walsh et al (Journal of Bacteriology, Sept 1999, 181, No.l7, 5395-5401) have 
examined the biochemical properties of the Mur D enzyme from two gram-negative bacteria, 
i.e. Escherica colU and Haemophilus influenzcie, and two gram-positive bacteria i.e. 
Enterococcus faecalis and Staplvylococcus aureus. They established data regarding the 

20 biochemical properties of these enzymes and discussed similarities and differences between 
them, in particular with regard to salt-activation of the gram-negative bacteria. They report 
that the differences observed between the gram-positive and the gram-negative bacteria 
indicate that the two gram-negative bacteria may apply a more stringent regulation of cell 
wall biosynthesis at the early stage of the peptidogylcan biosynthesis pathway than do the two 

25 gram-positive bacteria. However, the skilled reader is aware that the substrate purification 

procedure used by Walsh et al cannot remove all salts that may function as enzyme activators. 
Therefore it is not possible to draw meaningful conclusions as to the salt-dependenc or lack of 
salt dependence of the two gram-positive bacteria. 

Indeed, we have now found that the MurD enzyme from the gram-positive bacterium 

30 Staphylococcus aureus is also salt-activated. This led to our discovery that the E. faecalis 
MurD enzyme has unique properties which make it possible to devise improved screening 
assays using an activator-independent MurD enzyme. 
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Therefore in a first aspect of the present invention, we provide the use of an activator- 
independent MuiD enzyme in a screening assay to identify inhibitors of the enzyme, which 
assay comprises contacting the enzyme with a test compound in the presence of an enzyme 
substrate and appropriate buffers and detecting any modulation of enzyme activity by the test 
compound. 

By "activator-independent" we mean that the Mur D enzyme is not activated by salt 
species normally associated with the substrate (here D-glutamic acid or more preferably UDP- 
N-acetylmuramyl-L-alanine) or other assay components. Monovalent cations such as 
ammonium 01^4"^ and potassium (K^ are particular salt species that activate Mur D. We 
note that if different amounts of substrate are used in an assay e.g. for Km determinations or 
mode of inhibition studies, the amount of the activating cation such as ammonium ions is not 
constant. It can therefore not be clearly identified if an activity increase is due to activation or 
due to an increase of substrate concentration. Contrary to the results reported by Walsh et al. 
we have found that the Staphylococcus aureus Mur D enzyme is activated by cations such as 
NH4'^ and (cf . Figure 2). 

Our analysis shows that activator-dependent forms of the MurD enzyme have the 
following common amino acid residues i.e. G96, A112, A116, V126, L129, M133, G296, 
P298 and V422. The indicated positions are based on the E. faecalis Mur D sequence as set 
out in Figure 8 (and corresponding sequence alignments). 

Therefore in a fiirther aspect of the invention we provide the use of an activator- 
independent MurD enzyme which contains a MurD amino acid sequence wherein one or more 
of the amino acid residues at the positions given above is not as indicated for that particular 
amino acid. More conveniently, at least two, or at least three, or at least four, or at least five, 
or at least six, or at least seven, or at least 8, or all nine of the amino acid residues are not as 
indicated. 

The activator-independent MurD may conveniently contain an amino acid sequence 
comprising one of more of the following residues i.e. K96, C112, G116, T126, M129, L133, 
N296, S298 and 1422. More conveniently, at least two, or at least three, or at least four, or at 
least five, or at least six, or at least seven, or at least 8, or all nine of the amino acid residues 
are as indicated. 

The activator-independent MurD enzyme conveniently comprises the following E. 
faecalis amino acid sequence 
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MKKTTTYQNK KVLVLGLAKS GVS AAKLLHE LGALVTVNDA KQFDQNPDAQ 
DLLTLGIR W TGGHPIELLD EEFELIVKNP GIPYTNPLV A EALTRKIPn 
TEVEL AGQIA ECPIVGirGT NGKITTTTMI GLLLNADRTA GEARLAGNIG 
FPASTVAQEA TAKDDLVMEL SSFQLMGIET FHPQIAVTTN IFBAHLDYHG 
5 SRKEYVAAKW AIQKNMTVED TLILNWNQVE LQTLAKTTA A NVLPFSTKEA 
VEGA YLLDGK LYFNEEYIMP ADELGIPGSH NIENALAAIC VAKLKNVSNV 
QIRQlUaSIFS GVPHRTQFVG EVQQRRFYND SKATNILATE MALSGEDNQK 
LLLLAGGLDR GNSFDELVPA LLGLKAIVLF GETKEKLAEA AKKANIETIL 
FAENVQTAVT lAEDYSEKDD TILLSPACAS WDQYPNEEVR GEAFMQAVQQ 
10 LKESEM 

or a Mur D amino acid sequence having at least 85% homology, such as 90 or 95% 
homology, therewith. 

Alternatively the activator-independent Mur D amino acid sequence has at least 70% 
sequence identity with the above amino acid sequence. 
1 5 Whilst we do not wish to be limited by theoretical considerations we believe that the 

activator-independent Mur D enzyme may have up to 16, such as up to 16, 14, 12, 10, 8, 6, 4, 
or 2, amino acids removed from the N-terminus and/or up to 12, such as up to 12, 10, 8, 6, 4, 
or 2, amino acids removed from the C-terminus of the enzyme. 

Activator-independent Mur D sequences that do not correspond to published Mur D 
20 enzyme sequences are novel and represent a fiarther aspect of the present invention. 

Any convenient screening assay format may be used. By way of non-limiting 
example we disclose the following: 

The enzyme substrates are conveniently UDP-MurNac-L-Ala, D-Glutamate and ATP. 

The enzyme is conveniently pre-incubated with ttie test compound to allow inhibitors 
25 to bind to the enzyme. This may allow the detection of inhibitors with a slow binding mode to 
the enzyme or allow detection of specifically modifying inhibitors that may be out-competed 
by the substrates. 

Any appropriate buffer can be used that has a pKa in the pH range where EJaecalis 
MurD is active (pH 7.0 - 10.0) Examples of convenient buffers include buffers that do not 
30 contain phosphate such as GOOD BuffCT i.e. Tris or Hepes (Good, et al. (1966) Biochemistry, 
5, 467-477). Modulation of enzyme activity may be detected using any convenient detection 
system, such as those which include a colour change eg. using malachite green. These 
include absorbance spectrophotometers, absorbance plate reader or any other instmment that 
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can determine the absorption of a solution between for example a wavelength range of 400 to 
800 nm 

Modulation of enzyme activity can be inhibition or activation of enzyme activity, 
conveniently enzyme inhibition. 

Appropriate control reactions are conveniently performed to determine if a chemical 
compound interferes with the detection system and/or has an absorbance at the detection 
wavelength. 

The test compound is any convenient compound that may be useful in pharmaceutical 
research. It may be a polypeptide of equal to or greater than, 2 amino acids such as up to 6 
amino acids, up to 10 or 12 amino acids, up to 20 amino acids or greater than 20 amino acids 
such as up to 50 amino acids. For drag screening purposes, preferred compounds are 
chemical compounds of low molecular weight and potential therapeutic agents. Hiey are, for 
example of molecular mass less than about 1000 Daltons, such as less than 800, 600 or 400 
Daltons. If desired, the test compound may be a member of a chemical library. This may 
comprise any convenient mmaber of individual members, for example, tens to hundreds to 
thousands to millions etc., of suitable compoimds, for example, peptides, i>eptoids and other 
oligomeric compounds (cyclic or linear), and template-based smaller molecules, for example, 
benzodiazepines, hydantoins, biaryls, carbocyclic and polycyclic compounds (eg. 
naphthalenes, phenothiazines, acridines, steroids etc.), carbohydrate and amino acids 
derivatives, dihydropyridines, benzhydryls and heterocycles (eg. triazines, indoles, 
thiazolidines etc.). The numbers quoted and the types of compounds listed are iUustrative, but 
not limiting. Preferred chemical libraries comprise chemical compounds of low molecular 
weight and potential therapeutic agents. 

In a further aspect of the invention we provide a MurD enzyme modulator resulting 
from use of the assay method of the invention. 

The activator-independent MurD enzyme may be produced using known lecombinant 
techniques for cloning and expression (cf . Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. 
Molecular cloning: a laboratory manual, 2nd ed. Cold Spring Harbor Laboratory, Cold Spring 
Haibor, N. Y.). Convenient expression systems for the MurD enzyme include T7 promoter- 
driven transcription of the murD gene in a suitable host, more conveniently E. colL Examples 
of convenient expression vectors include those with a T7 promoter and suitable cloning sites 
such as pETZSb and pFTSOa (Novagen Inc. Madison WI USA). Hie E. coli host strains used 
for expression in such a system include those that contain the T7 RNA polymerase gene that 
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can be induced to initiate transcription of the murD gene, more specifically BL21(DE3) and 
HMS174(DE3). 

The invention will now be illustrated by reference to the following Specific 
Description and Figures wherein: 

Figure 1 s hows the lack of salt activation for E, faecalis MurD and shows that all salts but 
S04-ions (=inhibitor) have no effect on E .faecalis MurD 

Figure 2 shows the salt activation of 5. aureus MurD 

Figure 3 shows that the E. coli enzyme activity is dependent on the presence of ammonium 
formate while the E. faecalis enzyme activity is independent on the presence of this salt. 

Figure 4 shows the stability of E. faecalis Mur D in DMSO at concentrations of up to 5%. 

Figures shows a graph (Eyring Plot) with the activation enthalpies for several MurD 
orthologues, including E, faecalis. The higher this value the more temperature dependent the 
reaction rate 

Figure 6 (a) and (b) show the pH dependence of several MurD orthologues, including E. 
faecalis 



Figure? shows the background ATPase activity of several MurD orthologues, including E. 
faecalis. 
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Specific Description: 

We have established that the E. faecalis MurD enzyme has the following additional 
advantages for screening purposes compared to MurD enzymes from other species. 

(a) it is not affected up to a dimethylsulfoxide ODMSO) concentration of 5%. Since DMSO is 
commonly used in screening and IC50 measurements, this contributes to the stability of the 
assay results. 

(b) its dependence of the reaction rate on temperature is low between 4''C to 40°C. 
Temperature variations during assays have only a minor effect on the enzyme activity. 

(c) it has the broadest pH optimum (pH 7.5 - 9.5). Changes in pH due to compound addition 
is less likely to affect activity and therefore assay results 

(d) it has a low background ATPase activity. An idle ATPase activity can create a 
background signal in a screen (phosphate is being produced whitiiout catalysis occuring) so a 
low amount of this activity is desirable to produce a sensitive assay. 

We devised a screening assay for this ortholog using Malachite Green for detection of the 
phosphate product. The assay includes controls to check for compound interference with the 
signal and interference with the detection method 

1. Compounds are preincubated with E.faecalis MurD for 5-30 min. 

2. The 3 substrates ATP, UDP-MurNac-L-Ala and D-Glutamate are added to initiate the 
reaction. 

3. After 30-60 min the reaction is stopped with a Malachite Green solution. The signal is 
recorded spectrophotometrically 4-10 min after the Malachite Green soltion had been added. 
To control for compound interference with the assay signal, compounds are submitted to the 
same proceedure but in the absence of E. faecalis MurD in step 1. Compounds interfering 
witti the signal show an increased signal relative to a control where no E. faecalis MurD was 
present 

To control for compound interference with the Malchite Green detection method, a constant 
amount of phosphate (10-15 uM) is replaced for E. faecalis MurD in step 1 . Interference is 
detected by a increase or decrease of the signal relative to a control where no compound was 
present. 

Specific assay conditions are 0.3nM E. faecalis MurD in 50mM Tris, 2.5mM DTT, lOmM 
MgCl2, 0.01% Triton X-100, 50 uM ATP, 50uM UMA, lOOuM D-Glu, pH 8.0. Typically 
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Mud^ is pieincubated with inhibitor for 15 min in the absraice of substrates. Subsequently the 
reaction is initiated by adding substrates and stopped by addition of Malachite Gxeen after 
eOmin. Signal is read 5 min after stopping the reaction. Although MurD activity is detected in 
this assay by formation of phosphate it is not limited to this detection method and can also be 
5 followed alternatively, for example, by measuring formation of otha: reaction products (UDP- 
N -acetylmuramyl-L-alanine-D-Glutamate, ADP) as well as the disappearance of the 
substrates (D-Glutamate, UDP-N-acetylmuramyl-L-alanine, ATP). 
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Claims; 

1 . The use of an activator-indc^ndent MurD enzyme in a screening assay to identify 
inhibitors of the enzyme, which assay comprises contacting the enzyme with a test compound 
in the presence of enzyme substrates and appropriate buffers and detecting any modulation of 
enzyme activity by the test compound. 

2. The use as claimed in claim 1 wherein the activator-independent MurD enzyme 
comprises an amino acid sequence wherein one or more of the amino acid residues G96, 
A112, A116, V126, L129, M133, G296, P298 and V422 is a variant amino acid residue. 

3. The use as claimed in claim 2 and wherein ttie activator-independent MurD enzyme 
comprises an amino acid sequence having one or more of the amino acid residues K96, C112, 
G116, T126. M129. L133, N296, S298 and 1422. 

4. Ttie use as claimed in claim 1 and wherein the activator-independent MurD enzyme is 
an E. f aecalis MuriD enzyme. 

5. The use as claimed in claim 1 and wherein the activator-independent MurD enzyme 
comprises the amino acid sequence 

MKKTITYQNK KVLVLGLAKS GVS AAKLLHE LGALVTVND A KQFDQNPDAQ 
DIl-TLGIRW TGGHPIELLD EEFELIVKNP GIPYTNPLV A EALTRKIPn 
TBVELAGQIA ECPIVGITGT NGKTTTTTMl GLLLNADRTA GEARLAGNIG 
FPASTVAQEA TAKDDLVMEL SSFQLMGIET FHPQIAVTTN IFEAHLDYHG 
SRKEYV AAKW AIQKNMTVED HJLNWNQVE LQTLAKTTAA NVLPFSTKEA 
VEGAYLLDGK LYFNEEYIMP ADELGIPGSH NIENALAAIC VAKLKNVSNV 
QIRQTLECNFS GVPHRTQFVGEVQQRRFYND SKATMILATE MALSGEDNQK 
LLLLAGGLDR GNSFDELVPA LLGLKAIVLF GETKEKLAEA AKKANIETIL 
FAENVQTAVT lAFDYSEBO^D TELLSPACAS WDQYPNFEVR GEAFMQAVQQ 
LKESEM or a sequence having at least 85% sequence identity therewith. 
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6. The use as claimed in any preceeding claim and wherein the activator-independent 
MurD enzyme has up to 16 amino acids removed from the N-tenninus, or up to 12 amino 
acids i^oved from the C-temiinus, of the amino acid sequ^ce. 

5 7. Hie use as claimed in any preceeding claim and wherein the enzyme substrates are 
UDP-MurNac-L-Ala, D-Glutamate and ATP. 

8. The use as claimed in any preceeding claim and wherein the enzyme is pre-incubated 
with the test compound before contacting it with the substrates. 
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Figure 2 



Salt activation of S. aureus MurD 
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Figure 3 

£. CO// enzyme activity is dependent on ammonium formate 
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Figure 4 
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Figures 

Temperature dependence of MurD orthologs 

This Graph (Eyring Plot) shows the activation enthalpies for alt for orthologs. The higher this 
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Figure? 

Background ATPase activity of MurD orthologs 
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SEQUENCE XiZSTZm 



<110> AstraZeneca AB 

5 <120> Method 

<130> NGP/100874 SepOB 

<150> GB 0224997.7 

10 <151> 2002-10-26 



<160> 4 



<170> PatentXn version 3.2 

15 

<210> 1 

<211> 463 

<212> PRT 

<213> Escherichia Coli bacterixua 

20 



<220> 

<221> iaisc_f eature 

<222> (1) . . (3) 

25 <223> Xaa can be any naturally occurring amino acid 



<220> 

<221> misc^feature 

<222> (46) . . (48) 

30 <223> Xaa can be any naturally occurring amino acid 

<220> 

<221> mis cofeature 

<222> (73).. (73) 

35 <223> Xaa can be any naturally occurring amino acid 

<220> 

<221> misc_feature 

<222> (142) . . (143) 

40 <223> Xaa can be any naturally occurring amino acid 



<220> 

<221> xaisc_feature 

<222> (154) (155) 

45 <223> Xaa can be any naturally occurring amino acid 

<220> 

<221> mis cofeature 

<222> (235).. (235) 

50 <223> Xaa can be any naturally occurring amino acid 



<220> 

<221> Eiisc^f eature 

<222> (247) . . (249) 

55 <223> Xaa can be any naturally occurring amino acid 



<220> 

<221> mi6c_feature 

<222> (348) . . (349) 

60 <223> Xaa can be any naturally occurring amino acid 

<220> 

<221> misc^feature 

<222> (399) (400) 

65 <223> Xaa can be any naturally occurring amino acid 



<220> 

<221> misc_feature 
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<222> (408) . . (409) 

<223> Xaa can be any naturally occuanring amino acid 
<220> 

5 <221> misc_feature 
<222> (460) . . (463) 

<223> Xaa can be any naturally occurring amino acid 
<400> 1 

10 

Xaa Xaa Xaa Met Ala Asp Tyr Gin Gly Lys Asn Val Val He lie Gly 
15 10 15 

15 Leu Gly Leu Thr Gly Leu Ser Cys Val Asp Phe Phe Leu Ala Arg Gly 
20 25 30 



Val Thr Pro Arg Val Met Asp Thr Arg Met Thr Pro Pro Xaa Xaa Xaa 
20 35 40 45 



Gly Leu Asp Lys Leu Pro Glu Ala Val Glu Arg His Thr Gly Ser Leu 
50 55 60 

25 

Asn Asp Glu Trp Leu Met Ala Ala Xaa Asp Leu He Val Ala Ser Pro 
65 70 75 80 

30 

Gly He Ala Leu Ala His Pro Ser Leu Ser Ala Ala Ala Asp Ala Gly 
85 90 95 

35 Xle Glu He Val Gly Asp He Glu Leu Phe Cys Arg Glu Ala Gin Ala 
100 105 110 



Pro He Val Ala He Thr Gly Ser Asn Gly Lys Ser Thr VetL Thr Thr 
40 115 120 125 



Leu Val Gly Glu Met Ala Lys Ala Ala Gly Val Asn Val Xm Xaa Gly 
130 135 140 

45 

Val Gly Gly Asn He Gly Leu Pro Ala Xaa Xaa Leu Met Leu Leu Asp 
145 150 155 160 

50 

Asp Glu Cys Glu Leu Tyr Val Leu Glu Leu Ser Ser Phe Gin Leu Glu 
165 170 175 

55 Thr Thr Ser Ser Leu Gin Ala Val Ala Ala Thr He Leu Asn Val Thr 
180 185 190 



Glu Asp His Met Asp Arg Tyr Pro Phe Gly Leu Gin Gin Tyr Arg Ala 
60 195 200 205 



Ala Lys Leu Arg He Tyr Glu Asn Ala Lys Val Cys Val Val Asn Ala 
210 215 220 

65 

Asp Asp Ala Leu Thr Met Pro He Arg Gly X^a Ala Asp Glu Arg Cys 
225 230 235 240 
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Val Ser Phe Gly Val Asn Xaa Xaa Xaa Met Gly Asp Tyr His Leu Asn 
245 250 255 

5 

His Gin Gin Gly Glu Thr Trp Leu Arg Val Lys Gly Glu Lys Val Leu 
260 265 270 

10 

Asn Val Lys Glu Met Lys Leu Ser Gly Gin His Asn Tyr Thr Asn Ala 
275 280 285 

IS Leu Ala Ala Leu Ala Leu Ala Asp Ala Ala Gly Leu Pro Arg Ala Ser 
290 295 300 

Ser Leu Lys Ala Leu Thr Thr Phe Thr Gly Leu Pro His Arg Phe Glu 
20 305 310 315 320 



Val Val Leu Glu His Asn Gly Val Arg Trp lie Asn Asp Ser Lys Ala 
325 330 335 

25 

Thr Asn Val Gly Ser Thr Glu Ala Ala Leu Asn Xaa Xaa Gly Leu His 
340 345 350 

30 

Val Asp Gly Thr Leu His Leu Leu Leu Gly Gly Asp Gly Lys Ser Ala 
355 360 365 

35 Asp Phe Ser Pro Leu Ala Arg Tyr Leu Asn Gly Asp Asn Val Arg Leu 
370 375 380 



Tyr Cys Phe Gly Arg Asp Gly Ala Gin Leu Ala Ala Leu Arg Xaa Xaa 
40 385 390 395 400 

Pro Glu Val Ala Glu Gin Thr Xaa Xaa Glu Thr Met Glu Gin Ala Met 
405 410 415 

45 

Arg Leu Leu Ala Pro Arg Val Gin Pro Gly Asp Met Val Leu Leu Ser 
420 425 430 

50 

Pro Ala qys Ala Ser Leu Asp Gin Phe Lys Asn Phe Glu Gin Arg Gly 
435 440 445 

55 Asn Glu Phe Ala Arg Leu Ala Lys Glu Leu Gly Xaa Xaa Xaa Xaa 
450 455 460 



<210> 2 

60 <211> 463 

<212> PRT 

<213> Escherichia faecalis bacterium 



65 <220> 

<221> misc.featiure 

<222> (200) (200) 

<223> Xaa can be any naturally occurring amino acid 
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<220> 

<221> inisc_f eature 

<222> (261) . , (262) 

5 <223> X£ia can be any naturally occurring amino acid 

<220> 

<221> misc^f eature 

<222> (348) . . (349) 

10 <223> Xaa can be any naturally occurring amino acid 

<220> 

<221> misG_f eatxire 

<222> (365) . • (365) 

15 <223> Xaa can be any naturally occurring amino acid 

<220> 

<221> misc__feature 

<222> (380) . . (380) 

20 <223> 3Caa can be any naturally occurring amino acid 

<400> 2 

Met Lys Lys lie Thr Thr Tyr Gin Asn Lys Lys Val Leu Val Leu Gly 
25 1 5 10 15 



Leu Ala Lys Ser Gly Val Ser Ala Ala Lys Leu Leu His Glu Leu Gly 
20 25 30 

30 

Ala Leu Val Thr Val Asn Asp Ala Lys Gin Phe Asp Gin Asn Pro Asp 
35 40 45 

35 

Ala Gin Asp Leu Leu fThr Leu Gly lie Arg Val Val Thr Gly Gly His 
50 55 60 

40 Pro lie Glu Leu Leu Asp Glu Glu Phe Glu Leu lie Val Lys Asn Pro 
65 70 75 80 



Gly lie Leu Tyr Thr Asn Pro Leu Val Ala Glu Ala Leu Thr Arg Lys 
45 85 90 95 



Zle Pro lie lie Thr Glu Val Glu Leu Ala Gly Gin lie Ala Glu Cys 
100 105 110 

50 

Pro lie Val Gly lie Thr Gly Thr Asn Gly Lys Thr Thr Thr Thr Thr 
115 120 125 

55 

Met lie Gly Leu Leu Leu Asn Ala Asp Arg Thr Ala Gly Glu Ala Arg 
130 135 140 

60 Leu Ala Gly Asn lie Gly Phe Pro Ala Ser Thr Val Ala Gin Glu Ala 
145 150 155 160 



Thr Ala Lys Asp Asp Leu Val Met Glu Leu Ser Ser Phe Gin Leu Met 
65 165 170 175 



Gly lie Glu Thr Phe His Pro Gin He Ala Val He Thr Asn He Phe 
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180 185 190 

Glu Ala His Leu Asp Tyr His Xaa Gly Ser Arg Lys Glu Tyr Val Ala 
5 195 200 205 

Ala Lys Trp Ala lie Gin Lys Asn Met Thr Ala Glu Asp Thr Leu lie 
210 215 220 

10 

Leu Asn Trp Asn Gin Val Glu Leu Gin Thr Leu Ala Lys Thr Thr Ala 
225 230 235 240 

15 

Ala Asn Val Leu Pro Phe Ser Thr Lys Glu Ala Val Glu Gly Ala Tyr 
245 250 255 

20 Leu Leu Asp Gly Xaa Xaa Lys Leu Tyr Phe Asn Glu Glu Tyr lie Met 
260 265 270 

Pro Ala Asp Glu Leu Gly Xle Pro Gly Ser His Asn lie Glu Asn Ala 
25 275 280 285 

Leu Ala Ala lie Cys Val Pro Lys Leu Lys Asn Val Ser Asn Ala Gin 
290 295 300 

30 

lie Lys Gin Ser Leu Thr Asn Phe Ser Gly Val Pro His Arg Thr Gin 
305 310 315 320 

35 

Phe Val Gly Glu Val Gin Gin Arg Arg Phe Tyr Asn Asp Ser Lys Ala 
325 330 335 

40 Thr Asn Phe Leu Ala Thr Glu Met Ala Leu Ser Xaa Xaa Gly Phe Asp 
340 345 350 

Asn Gin Lys Leu Leu Leu Leu Ala Gly Gly Leu Asp Xaa Arg Gly Asn 
45 355 360 365 

Ser Phe Asp Glu Leu Val Pro Ala Leu Leu Gly Xaa Leu Lys Ala lie 
370 375 380 

50 

Val Leu Phe Gly Glu Thr Lys Lys Lys Leu Ala Glu Ala Ala Lys Lys 
385 390 395 400 

55 

Pro Asn lie Glu Thr Xle Leu Phe Ala Glu Asn Val Gin Thr Ala Val 
405 410 415 

60 Thr lie Ala Phe Asp Tyr Ser Glu Lys Asp Asp Thr lie Leu Leu Ser 
420 425 430 

Pro Ala cys Ala Ser Trp Asp Gin Tyr Pro Asn Phe Glu Val Arg Gly 
65 435 440 445 



Glu Ala Phe Met Gin Ala Val Gin Gin Leu Lys Glu Ser Glu Met 
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450 455 460 

<210> 3 

5 <211> 463 

<212> PRT 

<213> Pseudozaonas aeruginosa bacterium 

10 <220> 

<221> mis cofeature 

<222> (1)..(2) 

<223> Xaa can be any naturally occurring amino acid 

15 <220> 

<221> misc.feature 

<222> (73).. (73) 

<223> Xaa can be any naturally occurring atoino acid 

20 <220> 

<221> misc_feature 

<222> (142) . . (143) 

<223> Xaa can be any naturally occurring amino acid 

25 <220> 

<221> itdsc_f eature 

<222> (154) . . (155) 

<223> Xaa can be any naturally occurring amino acid 

30 <220> 

<221> misc^feature 

<222> (200) .. (200) 

<223> Xaa can be any naturally occurring amino acid 

35 <220> 

<221> misc^feature 

<222> (235) . . (235) 

<223> Xaa can be any naturally occurring amino acid 

40 <220> 

<221> misc_feature 

<222> (399) . • (400) 

<223> Xaa can be any naturally occurring amino acid 

45 <220> 

<221> misc^feature 
<222> (460) .. (463) 

<223> Xaa can be any naturally occurring amino acid 
50 <400> 3 

Xaa Xaa Met Ser Leu lie Ala Ser Asp His Phe Arg lie Val Val Gly 
15 10 15 

55 

Leu Gly Lys Ser Gly Met Ser Leu Val Arg Tyr Leu Ala Arg Arg Gly 
20 25 30 

60 Leu Pro Phe Ala Val Val Asp Thr Arg Glu Asn Pro Pro Glu Leu Ala 
35 40 45 

O^hr Leu Arg Ala Gin Tyr Pro Gin Val Glu Val Arg Cya Gly Glu Leu 
65 50 55 60 



Asp Ala Glu Phe Leu Cys Ser Ala Xaa Arg Glu Leu Tyr Val Ser Pro 
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65 70 75 80 

Gly Leu Ser Leu Arg Thr Pro Ala Leu Val Gin Ala Ala Ala Lys Gly 
5 85 90 95 

Val Arg lie Ser Gly Asp lie Asp Leu Phe Ala Arg Glu Ala Lys Ala 
100 105 110 

10 

Pro He Val Ala He Thr Gly Ser Asn Ala Lys Ser Thr Val Thr Thr 
115 X20 125 

15 

Leu Val Gly Glu Met Ala Val Ala Ala Asp Lys Arg Val Xaa Xaa Ala 
130 135 140 

20 Val Gly Gly Asn Leu Gly Thr Pro Ala Xaa Xaa Leu Asp Leu Leu Ala 
145 150 155 160 

Asp Asp He Glu Leu Tyr Val Leu Glu Leu Ser Ser Phe Gin Leu Glu 
25 165 170 175 

Thr Cys Asp Arg Leu Asn Ala Glu Val Ala Thr Val Leu Asn Val Ser 
180 185 190 

30 

Glu Asp His Met Asp Arg Tyr Xaa Asp Gly Met Ala Asp Tyr His Leu 
195 200 205 

35 

Ala Lys His Arg He Phe Arg Gly Ala Arg Gin Val Val Val Asn Arg 
210 215 220 

40 Ala Asp Ala Leu Thr Arg Pro Leu He Ala Xaa Asp Thr Val Pro Cys 
225 230 235 240 

Trp Ser Phe Gly Leu Asn Lys Pro Asp Phe Lys Ala Phe Gly Leu He 
45 245 250 255 

Glu Glu Asp Gly Gin Lys Trp Leu Ala Phe Gin Phe Asp Lys Leu Leu 
260 265 270 

50 

Pro Val Gly Glu Leu Lys He Arg Gly Ala His Asn Tyr Ser Asn Ala 
275 280 285 

55 

Leu Ala Ala Leu Ala Leu Gly His Ala Val Gly Leu Pro Phe Asp Ala 
290 295 300 

60 Met Leu Gly Ala Leu Lys Ala Phe Ser Gly Leu Ala His Arg Cys Gin 
305 310 315 320 

Trp Val Arg Glu Arg Gin Gly Val Ser Tyr Tyr Asp Asp Ser Lys Ala 
65 325 330 335 



Thr Asn Val Gly Ala Ala Leu Ala Ala He Glu Gly Leu Gly Ala Asp 
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340 345 350 

He Asp Gly Lys Leu Val Leu Leu Ala Gly Gly Asp Gly Lys Gly Ala 
5 355 360 365 

Asp Phe His Asp Leu Arg Glu Pro Val Ala Arg Phe Cys Arg Ala Val 
370 375 380 

10 

Val Leu Leu Gly Arg Asp Ala Gly Leu He Ala Gin Ala Leu Xaa Xaa 
385 390 395 400 

15 

Gly Asn Ala Val Pro Leu Val Arg Val Ala Thr Leu Asp Glu Ala Val 
405 410 415 

20 Arg Gin Ala Ala Glu Leu Ala Arg GIm Gly Asp Ala Val Leu Leu Ser 
420 425 430 

Pro Ala Cys Ala Ser Leu Asp Met Phe Lys Asn Phe Glu Glu Arg Gly 
25 435 440 445 

Arg Leu Phe Ala Lys Ala Val Glu Glu Leu Ala Xaa Xaa Xaa Xaa 
450 455 460 

30 

<210> 4 
<211> 463 
<212> PRT 

35 <213> staphylococcus aureus bacterium 
<220> 

<221> misc_f eature 
40 <222> (73).. (73) 

<223> Xaa can be any naturally occurring amino acid 

<220> 

<221> misc^feature 

45 <222> (142).. (143) 

<223> Xaa can be euiy naturally occurring amino acid 

<220> 

<221> misc_feature 

50 <222> (200).. (200) 

<223> Xaa can be any naturally occurring amino acid 

<220> 

<221> misc_feature 

55 <222> (235).. (235) 

<223> Xaa can be any naturally occurring amino acid 

<220> 

<221> misc_feature 

60 <222> (261).. (262) 

<223> Xaa can be any naturally occurring amino acid 

<220> 

<221> misc^feature 

65 <222> (348).. (349) 

<223> Xaa can be any naturally occurring amino acid 



<220> 
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<221> misc^feature 
<222> (353) . . (353) 

<223> Xaa can be any naturally occurring andno acid 

5 <220> 

<221> mis cofeature 

<222> (365) . . (365) 

<223> Xaa can be any naturally occurring axnino acid 

10 <220> 

<221> niisc_f eature 

<222> (380) . . (380) 

<223> Xaa can be any naturally occurring amino acid 

15 <220> 

<221> misc_feature 

<222> (401) . . (401) 

<223> Xaa can be any naturally occurring amino acid 

20 <220> 

<221> misc_feature 
<222> (463) . . (463) 

<223> Xaa can be any naturally occurring amino acid 
25 <400> 4 

Met Leu Asn Tyr Thr Gly Leu 61u Asn Lys Asn Val Leu Val Val Gly 
15 10 15 

30 

Leu Ala Lys Ser Gly Tyr Glu Ala Ala Lys Leu Leu Ser Lys Leu Gly 
20 25 30 

35 Ala Asn Val Thr Val Asn Asp Gly Lys Asp Leu Ser Gin Asp Ala His 
35 40 45 



Ala Lys Asp Leu Glu Ser Met Gly lie Ser Val Val Ser Gly Ser His 
40 50 55 60 



Pro Leu Thr Leu Leu Asp Asn Asn Xaa Pro lie lie Val Lys Asn Pro 
65 70 75 80 

45 

Gly lie Pro Tyr Thr Val Ser lie lie Asp Glu Ala Val Lys Arg Gly 
85 90 95 

50 

Leu Lys lie Leu Thr Glu Val Glu Leu Ser Tyr Leu lie Ser Glu Ala 
100 105 110 

55 Pro lie He Ala Val Thr Gly Thr Asn Gly Lys Thr Thr Val Thr Ser 
115 120 125 

Leu He Gly Asp Met Phe Lys Lys Ser Arg Leu Thr Gly Xaa Xaa Arg 
60 130 135 140 



Leu Ser Gly Asn He Gly Tyr Val Ala Ser Lys Val Ala Gin Glu Val 
145 150 155 160 

65 

Lys Pro Thr Asp Tyr Leu Val Thr Glu Leu Ser Ser Phe Gin Leu Leu 
165 170 175 
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Gly He Glu Lys Tyr Lys Pro His He Ala He He Thr Asn He Tyr 
180 185 190 

5 

Ser Ala His Leu Asp Tyx His Xaa Glu Asn Leu Glu Asn Tyr 61n Asn 
195 200 205 

10 

Ala Lys Lys Gin He Tyr Lys Asn Gin Thr Glu Glu Asp Tyr Leu He 
210 215 220 

IS Cys Asn Tyr His Gin Arg Gin Val He Glu Xaa Ser Glu Glu Leu Lys 
225 230 235 240 



Ala Lys Thr Leu Tyr Phe Ser Thr Gin Gin Glu Val Asp Gly He Tyr 
20 245 250 255 



He Lys Asp Gly Xaa Xaa Phe He Val Tyr Lys Gly Val Arg He He 
260 265 270 

25 

Asn Thr Glu Asp Leu Val Leu Pro Gly Glu His Asn Leu Glu Asn He 
275 280 285 

30 

Leu Ala Ala Val Leu Ala Cys He Leu Ala Gly Val Piro He Lys Ala 
290 295 300 

35 He He Asp Ser Leu Thr Thr Phe Ser Gly He Glu His Arg Leu Gin 
305 310 315 320 



Tyr Val Gly Thr Asn Arg Thr Asn Lys Tyr Tyr Asn Asp Ser Lys Ala 
40 325 330 335 



Thr Asn Thr Leu Ala Thr Gin Phe Ala Leu Asn Xaa Xaa Ser Phe Asn 
340 345 350 

45 

Xaa Gin Pro He He Trp Leu Cys Gly Gly Leu Asp Xaa Arg Gly Asn 
355 360 365 

50 

Glu Phe Asp Glu Leu He Pro Tyr Met Glu Asn Xaa Val Arg Ala Met 
370 375 380 

55 Val Val Phe Gly Gin Thr Lys Ala Lys Phe Ala Lys Leu Gly Asn Ser 
385 390 395 400 



Xaa Gin Gly Lys Ser Val He Glu Ala Asn Asn Val Glu Asp Ala Val 
60 405 410 415 



Asp Lys Val Gin Asp He He Glu Pro Asn Asp Val Veil Leu Leu Ser 
420 425 430 

65 

Pro Ala cys Ala Ser Trp Asp Gin Tyic Ser Thr Phe Glu Glu Arg Gly 
435 440 445 
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Glu Lys Phe XI e Olu Arg Phe Arg Ala His Leu Pro Ser Tyr Xaa 
450 455 460 



INTERNATIONAL SEARCH REPORT 



PCT/GB 03/04592 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 C12Q1/48 G01N33/569 






Acconflng to mtemaUonal Patent Qassttteallon (IPC) or to kjoth national ctasslttoalion and tPC 




B. RELDS SEARCHED 


Minlnnum documentatbn searched (dassifbation system followed t)y dassiflcation symbols) 

IPC 7 C12Q 601N 


Oocumentatton searched other than minimum documentation to the extent that such documents aie hduded In the fields searched 


Eladronic data base consulted during the International search (name of data base 

EPO-InternaU WPI Data, PAJ, EMBASE 


and, where pradlcal, search teme used) 




C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Oat^ry « 


C^l^n of document, WHh Indication, where appropriate, of the relevant passages 


Relevant to dalm No. 


X 


WALSH A W ET AL: "Comparison of the 
D-gl utamate-add1 ng enzymes from selected 
gram-pos1t1ve and gram-negative bacteria" 
JOURNAL OF BACTERIOLOGY, WASHINGTON, DC, 
US. 

vol. 181, no. 17, 

September 1999 (1999-09), pages 5395-5401, 

XPC02249293 

ISSN: 0021-9193 

section Materials and Methods; p. 5397, 
right-hand column, paragraph (i) and (11). 


1-8 


X 


WO 99 23241 A (EL SHERBEINI MOHAMMED 
;MERCK & CO INC (US); GEISSLER WAYNE M 
(US);) 14 May 1999 (1999-05-14) 
abstract 

page 16, line 9 - line 29 

"~ -/- 


1,2 


j yj Fmther documents are Dsted In the contfriualkin of box C. 


^ Patent family membeis are listed 


In annex. 


«Spedalcategorfesofdteddocuments: ^ later document published after the International fiDng date 
... ^ *w_«._*u^ ^ or prtoiity date and not In conffld with the application but 
•A' dociBjCTt^teJli^gtheQaieral^^ aitwhichtsnot clt& to understand the principle or theoiy undertylngthe 
oonsiaared to be OT particular relevance ftwontion 

eajer document but published on or afterthe international -x- document of particular relei^noe; the claimed Invention 
"Ungdate cannot t)e considered novel or cannot oon^ered to 

■L' document wtrfch mawtti row doubts on prioifty clalm(8) or Involve an Invemive step when the documert Is taken alone 
which Is cftsd to e^abfish the pub&cafion da^ of another my document of particular relevance; the claimed Invention 
dtation or other special reason (as specified) can not be oon^red to hvoh<e an Inventlvo step vfhen the 

*Or document refentng tocn oral dbdosuie. use, exhibition or document is combined wflh one or more other such docu- 
other means ments, sudi combinallon belhg obvious to a person skOlea 

•P* document pubTtshed prfor to the international fiUng dale but In the art 

bier than the pnonty date ctabmd documsnt memtjar ot the same patent fandly 


Date of the actual completion of the International search 


Date of maBmg of the inlematbnal search report 


29 March 2004 


06/04/2004 




Name and malBng address ol the ISA 

European Patent OfHce, FJB. 5d18 Patemiaan Z 

TeL (+31 -70) 340-2040. 7>L 31 651 epo nl, 
Far (+31-70) 340-^16 


Authorized ofOoer 

Jacques, P 



Fa-ro PCT/ISA/210 (saoond sheet) parvary 2004) 



A- 



INTERNATIONAL SEARCH REPORT 



PCT/GB 03/04592 



C.(ContlnuaUon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Catagoryo 



CBation of doctiment, with indication, whom appropriate, of the relevant passages 



Refevant to claim Na 



wo 99 61050 A (MERCK & CO INC ;AZZOLINA 
BARBARA (US); EL SHERBEINI MOHAMED (US)) 
2 December 1999 (1999-12-02) 
abstract 

page 17, line 14 - line 34 

PUCCI MJ ET AL: "Identification and 
characterization of cell wall-cell 
division gene clusters in pathogenic 
gram-positive cocci" 

JOURNAL OF BACTERIOLOeV. WASHINGTON. DC, 
US, 

vol. 179, no. 17, 

September 1997 (1997-09), pages 5632-5635, 
XP002098344 
ISSN: 0021-9193 
the whole document 



1.2 



1-8 



Foim PCT/ISA/210 (portinuaflon of second sheet) (J^nuaiy 2CK)4} 



INTERNATIONAL SEARCH REPORT 



Patent document 
dted In search report 



Publication 
date 



PCT/GB 03/04592 



Patent (amlly 
member(e) 



Publteation 



WO 9923241 



14-05-1999 



CA 2308620 Al 

EP 1034297 Al 

JP 2001521750 T 

WO 9923241 Al 

US 6534284 Bl 



14-05-1999 
13-09-2000 

13- 11-2001 

14- 05-1999 
18-03-2003 



WO 9961050 


A 


02-12-1999 CA 


2333667 Al 


02-12-1999 




EP 


1079855 Al 


07-03-2001 






EP 


1082875 Al 


14-03-2001 






JP 


2002516076 T 


04-06-2002 






JP 


2002516780 T 


11-06-2002 






NO 


9961050 Al 


02-12-1999 



FomiPCT/ISA^O (patent family annex) (January 2004) 



